Backus, Kehoe and Kydland (BKK 1992) showed that if international capital markets are complete, consumption growth correlations across countries should be higher than their corresponding output growth correlations. In stark contrast to the theory, however, in actual data the consumption growth correlation is lower than the output growth correlation. By assuming trade imperfections due to non-traded goods, Backus and Smith (1993) showed that there is an additional impediment that works to lower the consumption growth correlation. While Backus and Smith's argument was successful in partially explaining the low growth correlation puzzle, it contributed to generating another puzzle because the data forcefully showed that consumption growth is negatively correlated with the real exchange rate, which is a violation of the theory. In this paper, by decomposing the real exchange rate growth of the OECD countries into the nominal exchange rate growth and the inflation differential, we find that nominal exchange rate movements are the main source for the Backus-Smith puzzle. We find that the nominal exchange rate moves counter-cyclically with consumption movements, which is a violation of the risk sharing theory with non-traded goods. We also find that the violations are more pronounced when nominal exchange rate changes are larger in absolute v a l u e. I nc o n t r a s t ,t h en e g a t i v eo fb i l a t e r a li n flation differentials is positively correlated with bilateral consumption movements. The latter finding is in accordance with the theory. Furthermore, using intranational data for the United States where the nominal exchange rate is constant, the Backus-Smith puzzle disappears, although complete risk sharing is rejected.
Introduction
An important issue in international economics is to measure the extent to which international financial markets improve economic welfare by offering opportunities to share risk across countries. An influential paper by Backus, Kehoe and Kydland (BKK 1992) showed that if international capital markets are complete, country-specifict e c h n o l o g ys h o c k sl e a dt o equilibrium consumption paths that are both less variable and less closely related to domestic output than they are in closed economy real business cycle models. While quantitative properties of the theoretical economy depend to a large extent on the specification and the parameter values of the model, the theory suggests that the consumption growth correlation across countries should be higher than output growth correlation.
In stark contrast to the theory, however, BKK found using data for 11 OECD economies that the consumption growth correlation is actually lower than the output growth correlation. This is referred to as one of the six major puzzles in international economics and termed as international consumption correlation puzzle by Obstfeld and Rogoff (2001) .
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Since then there have been various attempts made to solve the puzzle, but none has been thoroughly convincing. An important attempt, for example, is to introduce trade costs that represent transport costs and other costs such as tariffs and other non-tariff barriers.
2 Backus and Smith (1993) , by introducing non-traded goods in the canonical model, demonstrate that there is another wedge that works to lower consumption growth correlation: namely, when 1 Backus, Kehoe and Kydland (1992) initially called this as "quantity anomaly," coupled with "price anomaly" pointed out in the same paper. Recently Crucini (1999) , Hess and Shin (2000) and Del Negro (2002) extended the analysis to intranational data based on state level regional data in the U.S. and found that the puzzle is preserved even within a country.
2 Recently Obstfeld and Rogoff (2001) argue that by explicitly introducing trade costs of international trade, one can go far toward explaining a great number of main empirical puzzles in international economics. For the criticism of their view see also Engel (2001) . 1 real exchange rates are not constant, even complete risk sharing does not necessarily call for perfectly synchronous movements in consumption growth.
3 Rather, they demonstrate that consumption growth is higher for countries that experience relative drops in the real price of consumption because risk sharing implies that transfers should be made to countries that can exploit lower prices.
While Backus and Smith's theory was successful in lowering the theoretically predicted consumption growth correlation across countries, it contributed to generating another puzzle because the data forcefully show that consumption growth co-moves with the real exchange rate in the direction opposite to that predicted by theory. 4 In this paper, by decomposing the real exchange rate growth for OECD countries into nominal exchange rate growth and the inflation differential, we shed new light on the Backus and Smith puzzle.
We find that nominal exchange rates move counter-cyclically with consumption movements, contributing to a violation of the basic risk sharing theory with non-traded goods. However, the negative of the bilateral inflation differentials is positively correlated with bilateral consumption movements. Such a correlation indicates that if the nominal exchange rate did not fluctuate, the movements of bilateral inflation alone could ensure the real exchange rate to be positively correlated to bilateral consumption growth. In other words, the Backus-Smith puzzle is mainly due to the atheoretical behavior of the nominal exchange rate.
To further confirm that the nominal exchange rate fluctuations contribute to the Backus-Smith puzzle, we perform three experiments. First, we divide the sample into two cases: one with large exchange rate changes and the other with small exchange rate changes.
3 T h ei m p o r t a n c eo fr e a le x c h a n g er a t efluctuations on consumption risk sharing condition was initially pointed out by Obstfeld (1989) and further analyzed in Kollman (1995) .
4 Ravn (2001) shows that variation of the utility function does not resolve the Backus and Smith puzzle. In particular despite introducing non-separabilities in the utility function including effects of money balances, leisure, government spending, and habit persistence, the puzzle remains data of OECD countries.
We find that the atheoretical behavior of the real exchange rate is present primarily when nominal exchange changes are large.
5 When nominal exchange changes are small, movements of the nominal exchange rate as well as those of bilateral inflation differentials are consistent with the theory. Overall our findings indicate that large changes in the nominal exchange rate make it difficult for consumption dynamics to conform to the theory.
Second, we attempt to examine if the Backus-Smith puzzle is due to existence of incomplete risk sharing. We modify the model so that only portion of income risk is shared across countries. The remaining portion is assumed not to be shared. In this simple setting, we find mixed evidence: the Backus-Smith puzzle becomes less severe in the sense that the real exchange rate is no longer countercyclical. However we continue to fail to find statistically significant procyclical movements of the real exchange rate. When we decompose the real exchange rate, even in the case of partial risk sharing, we find that the nominal exchange rate is the major culprit that prevents the real exchange rate from being procyclical.
Third, in order to better understand the role of the nominal exchange rate, we follow recent studies and re-examine the same issues across U.S. economic regions in the same country. So-called intranational evidence provides a natural experiment for understanding international puzzles since regions in thes a m ec o u n t r ys h a r et h ec o m m o nc u r r e n c ya n d hence the nominal exchange rate, though not the real one, is always equal to one. In this case fluctuations of the real exchange rate are solely due to inflation differentials. Based on data for 50 U.S. states, we find that while risk sharing is still somewhat limited, movements oftherealexc hangerateareconsisten twith the risk sharing theory. This also confirms that t h ee x i s t e n c eo fn o m i n a le x c h a n g er a t ev a r i a t i o ni sm a i n l yr e s p o n s i b l ef o rt h ee x i s t e n c eo f 5 In this case, movements of bilateral inflation differentials as well as those of the nominal exchange rate are inconsistent with the theory 3 the Backus-Smith puzzle.
The rest of the paper is organized as follows. In Section 2, the model is briefly introduced. Section 3 reports the empirical analysis and Section 4 concludes.
2T h e M o d e l
We start by deriving the equations that well be empirically investigated in the next section.
The theory is based on a simple set-up that is similar to Backus and Smith (1993) . Consider an endowment economy which consists of N countries indexed by i =1 , ..., N .
6 Common information at time t is represented by state z t that occurs with probability π(z t ) ∈ [0, 1] with z t π(z t )=1f o ra l lt. In each state the economy has N + 1 goods, a single traded good and N non-traded goods associated with N countries.
Each country is inhabited by an infinitely lived, representative household whose preferences are represented by the expected lifetime utility expressed as:
where C it (z t ) denotes consumption in the i th country at time t, consisting of a composite good made of the single traded good, C T it (z t ) and the non-traded good, C N it (z t ), X it denotes all non-consumption components including preference shocks that affect utility and 0 < β < 1 is the subjective discount factor that is assumed to be the same across countries. We assume that while traded goods are traded without costs, non-traded goods incur the infinite amount of costs to trade. We denote the composite good by C it = C(C T it ,C N it ) and its price in the local currency by P it . We also assume that U is common to all countries, with the typical regularity conditions. 7 In a number of models in the literature that test international risk sharing, it is common to assume that there is a single traded good that is consumed by all countries. In a such a world, if prices are perfectly flexible, the bilateral real exchange rate is equal to one all the time. However, a recent strand in the international economics literature stresses the importance of heterogeneity of goods and stickiness of local prices.
One important implication of these changes is that the real exchange rate is no longer instantaneously equal to one. Following this fashion, we allow the possibility of the real exchange rate to move around, by introducing non-traded goods.
Suppose that complete contingent securities that are quoted in terms of the local currency are also traded across countries without costs. In this case, the equilibrium with complete risk sharing is made through pooling only tradable goods. In other words, the equilibrium is obtained by the solution of t h es oc i a lp l a n n e r 'p r o b l e ma sf o l l o w s :
subject to the resource constraints:
where W T it (z t )a n dW N it (z t ) are endowments of the traded and non-traded goods in the i th country in state z t at time t. The resource constraint (3) implies that the tradable good can be distributed freely across countries whereas the resource constraint (4) implies that the non-traded good should be consumed within country.
7 Homotheticity of the utility function is sufficient for the existence of prices and the composite good such that P It is straightforward to derive the optimal condition for the above problem and represent it in terms of the bilateral condition between any country pair (i, j)t h a ti ss a t i s fied in every state as follows:
8 :
where ijt is the bilateral real exchange rate between country i and j (the price of the composite good in country j in terms of the composite good in country i)a tt i m et. ,w h e r ee ijt is the nominal exchange rate between country i and j (i.e., the price of country j currency in terms of country i currency) at time t, we can rearrange equation (5) as follows:
Equation (6) states that nominal marginal rates of substitution are equalized across countries.
Since the contingent securities that are traded without costs are quoted in local currencies, complete risk sharing implies that the value ofnom inalcurrenciesofequalv alueisthesam e across countries.
To make it easier to empirically implement the model, suppose that the utility function is of the CRRA (constant relative risk aversion) form with a risk aversion coefficient σ that is common across countries:
where we also assume that the preference shocks affect the utility in a multiplicative form with the elasticity parameter, γ i . T h e ne q u a t i o n( 5 )r e d u c e st o :
Taking the logarithm in both sides of equation (8), we can derive the following equation:
Equation (9) demonstrates that if the real exchange rate is constant, ignoring non-consumption shocks to utility, the growth rate of consumption is equalized across countries. Most previous studies on international risk sharing have ignored the second term as well as the third term, and tested if the growth rate of consumption moves one for one across countries. Such regressions, as mentioned above, find evidence of a severe violation of theory. 10 Later studies that tried to resuscitate the theory by explicitly considering the possibility of real exchange rate movements faced another anomaly. According to equation (9), the consumption growth difference between country i and j should be positively correlated to the real exchange rate.
To the contrary, however, Backus and Kehoe (1992) find that the consumption growth difference between country i and j is negatively correlated to the real exchange rate in the data. This is called the Backus-Smith puzzle.
In this section, we explore the evidence of risk sharing across countries. In particular, we examine the relationship between consumption growth rates across countries and the growth of their real exchange rate. As well, we decompose the movements in the real exchange into the movements in the nominal exchange rate and the inflation differential between countries.
Our analysis of data for OECD economies and for state level data in the U.S. points to the nominal exchange rate movements as a significant source of failure of the theory to match the data. 
Preliminary Analysis
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T h e r ea r ean u m b e ro fi n t e r e s t i n gfindings presented in Table 1 . First, consumption and output growth averages to approximately 2.5 percent per year, although the standard the nominal variation in prices and exchange rates is generally large relative to the variation of real magnitudes. Indeed, the wide range of inflation experiences both within and across c o u n t r i e si sr e flected in part in the wide range of exchange rate experiences both within and across countries. Finally, the mean growth in nominal and real exchange rates for each country appear unrelated. Table 2 provides further summary statistics for the data, although this time based on bilateral data. Again, each row denotes the data for a country while the column headings provide the mnemonic for the particular data statistic. The first five columns provide the pooled standard deviation of the bilateral series and country of interest, where a "x"indicates a bilateral series, i.e. ∆x = ∆log(
w h e r ex d and x f are domestic and foreign variables respectively. The final three columns provide pooled bilateral correlations of the data series indicated: namely, ρ(x, y) is a country's pooled correlation of variables x and y using its bilateral data with all other countries in the sample. Again, as in Table 1 , there are a number of key features of the data that are apparent. First, consumption growth is more volatile than output growth using the bilateral data. 13 Second, the volatility of nominal variables is large relative to that of real variables such as consumption and output growth.
Third, bilateral inflation movements are strongly positively correlated with nominal exchange rate growth, though they are generally uncorrelated with real exchange rate growth. Finally, 12 The fact that the standard deviation of consumption growth is larger than that for output growth reflects, in part, that consumption measure in this paper includes nondurable component of consumption.
13 This property is closely related to the BKK puzzle. This is easily understood from the following equation(s): var(∆y it − ∆y jt )=var(∆y it )+var(∆y it ) − 2ρ(∆y it , ∆y it ) * var(∆y it ) * var(∆y jt )( a n dt h e equivalent equation for consumption growth). Since the consumption correlation across bilateral countries is lower than that for output, the standard deviation of bilateral consumption differentials across countries should be higher than that for bilateral output differential if the standard deviation of consumption growth is not smaller than that of output growth and the correlation measures are low (i.e. less than 1/2). real and nominal exchange rate movements are very positively correlated at the annual frequency.
The results in Table 3 provide evidence of the relationship between bilateral consumption growth and inflation and exchange rate movements, which basically summarizes the most important finding in the paper. In particular, the first column of results in the table demonstrates that, generally speaking, real exchange rates move counter-cyclically with consumption movements. In principle, this is a violation of basic risk sharing theory with non-trade goods: as pointed out by Backus and Smith (1993) , which is also denoted in equation (9), whereby shocks that raise the real exchange rates should also raise bilateral consumption growth. When we decompose the real exchange rate by ∆ t = ∆e t − ∆p t ,h o wever, we notice a very important finding. In column two, the nominal exchange rates move counter-cyclically with consumption movements, contributing the violation of the basic risk sharing theory. However, the last column of the table indicates that the negative of the bilateral inflation differential is positively correlated with bilateral consumption movements. This is true not only for the global average but also for every single OECD country considered in the table. Such a correlation indicates that if the nominal exchange rate were constant, the movements of bilateral inflation alone could conform to the theory of risk sharing by leading t h er e a le x c h a n g er a t et obepo s i t i v e l yc o r r e l a ted to bilateral consumption growth. In other words, the evidence in Table 3 suggests that the Backus-Smith puzzle should be mainly due to the ill behavior of the nominal exchange rate.
Empirical Analysis
While Tables 1 through 3 provided a wide range of evidence about the properties of the data, in this section we report evidence from the estimation of theory based equations. Recall that, as indicated in equation (9), the equation to be estimated is:
where η it includes non-consumption preference shocks and other measurement errors. 14 As noted in section 2, according to the theory of complete risk sharing with traded goods only, the coefficient on β 1 should be zero. In other words, with complete risk sharing, there should be no predictable change in the growth of consumption across countries. In contrast, with complete risk sharing with non-traded goods, only the coefficient on β 1 should be positive, significant and equal to the reciprocal of the coefficient of relative risk aversion.
The results in the top panel of Table 4 begin to provide the broad set of evidence against complete international risk sharing with non-traded goods. For instance, the first column of results indicates that when the data are pooled, the estimated coefficient on β 1 is significant and negative, which is completely at odds with the theory. The panel data estimates, using both random effects and fixed effects, also confirm the findings that the data are seriously at odds with the theory. The instrumental variables estimates, presented in the two furthest columns on the right, provide weaker evidence of the rejection of the theory: namely, both estimates of β 1 are insignificantly different from zero, though one is still negative. Since the theory suggests that the coefficient should be positive, the evidence in the top panel of table indicates that the theory is unequivocally rejected by the data.
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To further investigate this wide empirical departure from the theory, in the bottom 14 Theoretically speaking, the equation does not necessarily include the constant term β 0 . The regression results reported in the paper are robust to the inclusion of the constant term.
15 The instruments used in these regressions are the lagged value of the dependent and explanatory variables. We have mixed evidence for the strength of the instrumental variables. The first-stage F statistics are well above 20 in all estimates, indicating that the instruments are quite strong. However, the overidentifying restrictions are generally rejected, showing that these variables may not be valid instruments. Of course, this further indicates a departure from full risk sharing.
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panel of Table 4 we report the estimation results from the following specification:
Of course, specification (11) generalizes the theoretical specification (10) by expanding out the terms of the real exchange rate into the nominal exchange and the inflation differential.
Note that we regain the earlier specification if β 11 = β 12 . The results in bottom panel of Table   4 suggest that, overall, both the coeffic i e n t so nt h ee x c h a n g er a t ea n dt h ei n flation differentials are statistically significant and of the wrong sign! For instance, this is demonstrated in the results for the panel regression, though the results using pooled data or instrumental variables panel data in a few instances show either a positive and statistically significant coefficient on β 11 or a negative and statistically significant coefficient on β 12 . Overall, there are three instances in the bottom panel of Table 4 where the estimated coefficient on the bilateral movements in inflation have the correct sign and are statistically significant. In comparison, in one case is the coefficient on the nominal exchange rate, β 11 , statistically significant and of the correct sign, though in three cases it is statistically significant and of the incorrect sign.
16 Thus it would appear that the wide violation of complete risk sharing is mainly due to the nominal exchange rate movements.
The results in Tables 5 expand on the regressions in Table 4 by re-estimation specifications (10) and (11) over two distinct sub-samples of the data. To explore the idea that large movements in the nominal exchange rate are responsible for the wide violations of risk sharing, Table 5 .A report estimates of these two specifications for time periods of small movements in the nominal exchange rate, where a small movement is an annual change (in absolute value) of less than 10 percentage points. In contrast, the results in Table 5 .B present the estimates for the sub-sample of large movements in the nominal exchange rate:
that is, periods where the nominal exchange rate moved in excess of 10 percentage points (in absolute value) on an annual basis.
First consider the results in the top panel of Table 5 .A, i.e. the 'quiet' exchange rate period, when we consider the estimates of expression (10) using bilateral data. Interestingly, the pooled estimate indicates the aforementioned problem that the estimates of β 1 are significant, though of the wrong sign. However, the panel estimates of β 1 all indicate a positive and statistically significant estimate for β 1 . As well, the IV estimates using this sample of small exchange rate movements provide large, positive and statistically significant estimates that are consistent with a coefficient of relative risk aversion in the range of 3 to 4. However, t h er e s u l t si nT a b l e5 . Bw h e r ew ee s t i m a t et h es p e c i fication using the sub-sample for large exchange rate movements continue to be disappointing. Indeed, the coefficients on β 1 are all statistically significant and all of the wrong sign! Second, the bottom panels of Table 5 .A and 5.B provide estimates of expression (11) for sub-samples of small and large nominal exchange rate movements, respectively.
Generally, the results in the bottom panel of Table 5 .A provide assurance that the theory performs better when exchange rate movements are small. Note that estimates of β 11 and β 12 are negatively and statistically significant for the pooling regression only and are positive and statistically significant in many other cases. When exchange rate movements are large, however, the coefficient of β 11 is always negative and statistically significant. Moreover, even the coefficient of β 12 is negative and statistically significant in three out of five cases.
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While the results in Tables 4 through 5 
Now suppose that θ portion of consumption is realized by sharing risk across countries and the remaining (1 − θ) portion is not, then the resulting consumption dynamics is obtained by summing up mulitiplication of θ to (10) and mulitiplication of (1 − θ)t o( 1 2 ) :
where α 0 = θβ 0 +(1− θ)γ 0 , α 1 = θβ 1 and α 2 =( 1− θ)γ 1 . Equation (13) is generalization of equation (10) that allows for any degree of partial risk sharing depending on the value of θ. Of course, with complete risk sharing, the coefficient on α 2 should be zero (θ =1 ) , as countries will consume out of joint resources rather than out of individual ones. The inclusion of the output growth ratio as an additional explanatory variable to estimate the portion of incomplete risk sharing has been used in many empirical tests of risk sharing (e.g. Crucini (1999) , Hess and Shin (2000) , etc...).
The top and the middle panels of Table 6 provide estimates of expression (13). Strikingly, whether the real exchange rate is included or not in the specification, the estimated coefficient of ∆ỹ it is large, positive and statistically significant. Indeed, the estimates of the coefficient are in the range of .5 to .8, which is an extremely severe departure from complete international risk sharing. However, in the middle panel, we find that the Backus-Smith puzzle is considerablly weakened: namely that except for the pooling regression estimate, the coefficient of ∆ it is no longer significantly negative. It is not completely satisfactory, though, in the sense that the coefficient is not statistically positive, either.
Finally ,inthebottompanelofT able6,w edecomposetherealexc hangerateinspecification (13) into its nominal exchange rate and inflation components while also including the output ratio as an explanatory variable, namely:
As before, the results are no more promising for the theory. As demonstrated by the estimates for α 2 , the impact of country specific output on consumption is extremely large, significant and positive, whereas theory predicts that it should be zero. And again, the results suggest that the reason the coefficient of the real exchange rate growth is not positive is mainly due to the behavior of the nominal exchange rate. In four out of five instances, the coefficients of inflation differential are positive (of which three are statistically significant), while in three out of five instances the coefficients on the nominal exchange rate are negative (of which two are statistically significant).
Clearly, support for the theory of complete risk sharing across countries is nonexistent. And the departures from completeness are large and systematic. Our results suggest that the Backus-Smith puzzle should be closely related to existence of incomplete risk sharing. At the same time, however, our findings also stress the importance of the nominal exchange rate movements that generate the Backus-Smith puzzle. In the following section we examine some additional evidence within the United States. The value of this contrast between international and intranational data is that while the former is subject to exchange rate risk, the latter is not. See Asdrubali, Sorensen and Yosha (1996), Crucini (1999) , Hess and Shin (1998) and the contributions to Hess and van Wincoop (2000) as well as others on the value of examining these differences.
Some Intranational Comparisons
In this sub-section, we explore some intranational evidence on risk sharing. Again, the benefit to juxtaposing international and intranational data are that only the former is exposed to exchange rate risk. The intranational data are from Del Negro (2002), who provides consumption (as measured by retail sales), output (as measured by Gross State Product) and price data (based on the CPI for cities) for the 50 United States. Data such as this is standard in the Intranational Macroeconomics literature cited above. Table 7 provides some useful summary evidence of the co-movement of variables within and between countries. The first column of data reports the pooled cross correlation for output growth across countries as well as the pooled cross correlation for consumption growth across countries. According to the theory as originated by Backus, Kehoe and Kydland (1992) , countries that share risk should have consumption paths that are more correlated than output paths. As is seen from the results in Table 2 , however, this is clearly violated in the international data, with the cross correlation of consumption being almost one-third smaller than that for output. Moving to the second column, however, the intranational data for the U.S. demonstrates that the cross correlations for both consumption and output are much higher. Nevertheless, the cross correlation of consumption is about half as large as that for output, a serious violation of the theory which predicts that the latter should be larger than the former.
N o ww ee x a m i n ei ft h eB a c k u s -S m i t hp u z z l e remains in intranational data. The first set of results are estimates of empirical specification (10) that are provided in Table 8 . Of course, since the bilateral nominal exchange rate across U.S. states is one, the measure o ft h eb i l a t e r a lr e a le x c h a n g er a t ei sj u s t it ≡− ∆p it + ∆p jt ≡− ∆p it . The estimation results from the pooling and panel data estimates are quite encouraging, especially vis a vis the international evidence provided above. The empirical estimates are positive and statistically significant, with an implied value of the coefficient of relative risk aversion equal to approximately 2 to 4. Interestingly, the IV panel estimates are positive and fairly large, on the order of about 2.
Finally, the results for empirical specification (13) that allows for incomplete risk sharing are presented in Table 9 . As before, in an environment of incomplete risk sharing, controlling for country specific output movements is appropriate. The results indicate that idiosyncratic movements in bilateral country output growth are significant predictors of bilateral consumption growth rates. As such, this is a rejection of the theory of complete risk sharing across countries. 18 Nevertheless, the estimated coefficients on output movements are remarkably smaller for intranational data as compared to international data. As well, the estimate coefficients on real exchange rates, α 1 are consistent with the theory and provide reasonable estimates of the coefficient of risk aversion. The results for the IV Panel estimates are somewhat unusual by providing an estimated negative coefficient on β 2 .
Our evidence based on the intranational data also suggests that if the nominal ex- change rate is constant, the Backus-Smith puzzle disappears.
Conclusion
Backus, Kehoe and Kydland (BKK 1992) showed that if international capital markets are complete, consumption growth correlations across countries should be higher than their corresponding output growth correlations. In stark contrast to the theory, however, in actual data the consumption growth correlation is lower than the output growth correlation. By assuming trade imperfections due to non-traded goods, Backus and Smith (1993) showed that there is an additional impediment that works to lower the consumption growth correlation.
While Backus and Smith's argument was successful in lowering the consumption growth correlation, it contributed to generating another puzzle because the data forcefully showed that consumption growth is negatively correlated with the real exchange rate, which is a violation of the theory.
In this paper, by decomposing the real exchange rate growth of the OECD countries into the nominal exchange rate growth and the inflation differential, we find that nominal exchange rate movements are the main source of the Backus-Smith puzzle. We find that the nominal exchange rate moves counter-cyclically with consumption movements, which is a violation of the risk sharing theory with non-traded goods. In contrast, bilateral inflation differentials are negatively correlated with bilateral consumption movements. The latter finding is in accordance with the theory.
The evidence that the nominal exchange rate fluctuations contribute to the BackusSmith puzzle is corroborated by three additional experiments. First, we divide the sample into sub-samples with large exchange rate changes and another with small exchange rate 18 changes, and find that the ill behavior of the real exchange rate is present primarily when nominal exchange changes are large. Second, when we modify the model to allows for partial risk sharing, the Backus-Smith puzzle becomes less severe, though it is still present. Again, this puzzle is due to the fact that nominal exchange rate movements are still countercyclical even after we introduce the possibility of partial risk sharing. In contrast, the negative of inflation differential is strongly procyclical contributing to less severe violation of the theory.
Third, using data for 50 U.S. states, where the nominal exchange rate is constant, we find that the Backus-Smith puzzle disappears even though risk sharing is still imperfect.
Overall, we believe that theory still faces two strong challenges. First, to explain why international and intranational risk sharing is still incomplete. Second, to account for why nominal exchange rate movements compound the theoretical violations of risk sharing rather than ameliorate them.
19 Notes: Columns report the mean and standard deviations (in parentheses) of the series. All data (except where noted) are from Penn-World data set, 1969-2000, including country code mnemonics. The nominal exchange rate is defined as the number of units of the domestic currency per unit of the U.S. dollar. The price series used is the CPI index that is derived by deviding nominal consumption by real consumption. AVE is the Average of the entire data of 832 observations. CNTRY refers to county. ∆c and ∆y are annual per capita growth of real consumption and real GDP (log changes), respectively, from the national accounts. ∆p is the annual inflation rate measured by the CPI index and ∆e is the annual growth rate of the nominal exchange rate. ∆ is the annual growth rates of the real exchange rate (log changes). Note that ∆ = ∆e + ∆p f − ∆p d where f refers to the foreign country and d refers to the domestic country. Notes: See Tables 1 and 2 . ρ(x, y) is country d's pooled correlation of variables x and y using its bilateral data with all other countries. Notes: See Table 4 . The data are censored so that observations where the annual log change in the nominal exchange rate less than or equal to 10 percent are removed. Tables 1 and 3 . ρ(x, y) is the pooled cross correlation of variables x and y using bilateral data for all countries or U.S. states. Intranational data are for U.S. States, 1969 States, -1990 . GSP data and Consumption (i.e. Retail Sales ) data are from the Bureau of Economic Analysis. State level CPI indices are from Del Negro (2002). Notes: See Table 8 .
